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WO 99/37381 PCT/US99/01176 
FLUID FILTER WITH VALVE AND METHODS OF OPERATION 

Field of the Invention 

This invention relates generally to fluid filters and methods. More 
particularly, this invention relates to valving arrangements in liquid fluid filters. 

5 Background of the Invention 

Filters have been employed in a variety of applications including 
hydraulic systems, fuel systems, and engine lubrication systems. Such filters 
typically may include a filter element within an outside can or housing; in which 
flow can either be forward flow (inside-out) or reverse flow (outside-in) relative to 
1 0 the filter element. 

Eventually, the filter element can become clogged, requiring 
replacement of, or cleaning of, the filter element. Failure due to clogging can be 
damaging to systems with downstream components, such as pumps. A lack of 
sufficient flow into a pump, sometimes referred to as cavitation, may seriously 
1 5 damage the pump. 

Improvements are desirable. 

Summary of the Invention 
The present invention is directed to a filter element assembly. The 
filter element assembly includes a multi-way, for example, three-way, valve 

20 construction internal to the assembly. Typically, the filter will operate to filter fluid, 
usually liquid. By "three-way valve", it is meant that the fluid flow through the 
filter element may take up to three different paths through the assembly. 

In one preferred arrangement, the filter element comprises a primary 
filter construction defining an open internal volume, a first end cover, a second end 

25 cover, and a valve construction. The first end cover is positioned in covering 
relation to a first open end of the primary filter construction. The first end cover 
includes a bypass flow passageway in fluid flow communication with the primary 
filter construction open internal volume. The second end cover is mounted in 
covering relation to a second open end of the primary filter construction. The 

30 second end cover includes a flow passageway therethrough in fluid Sow 

communication with the primary filter construction open internal volume. The valve 
construction is positioned within the primary filter construction open internal 
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volume and includes a valve member movable between first, second, and third valve 
positions. The preferred valve member includes a first end piece with a central flow 
aperture and a secondaiy filter construction having first and second open ends and 
defining an open internal volume. The valve member, when in the first valve 
5 position, is oriented to block fluid flow through the first end cover bypass flow 
passageway and into the primary filter internal volume by having the valve member 
first end piece oriented in covering relation to the first end cover bypass flow 
passageway. For operation of the preferred arrangement depicted, the valve 
member, when in the second valve position, is biased away from the first end cover a 

1 0 distance no greater than a first distance. The valve construction is constructed and 
arranged such that when the valve member is in the second valve position, fluid flow 
through the first end cover bypass flow passageway is directed into the secondaiy 
filter construction open internal volume and then through the secondary filter 
construction and into a remainder of the primary filter open internal volume. For 

1 5 operation of the preferred arrangement depicted, the valve member, when in the third 
valve position, is biased away from the first end cover a distance greater than a first 
distance. The valve construction is constructed and arranged such that when the 
valve member is in the third valve position, fluid can flow through the first end 
cover bypass flow passageway and through the primary filter construction open 

20 internal volume without passage through the secondary filter construction. 

In one embodiment, the valve construction includes a biasing 
construction or member biasing the valve member toward the first end cover under a 
selected pressure. Preferably, the biasing member comprises a coiled spring. 

Preferably, the secondary filter construction comprises a mesh screen, 

25 either wire or plastic. The primary filter construction may, for example, comprise a 
cylindrical, pleated, filter media construction defining an open internal volume. 

In one embodiment, a central slide guide is mounted within the 
primary filter construction open internal volume in extension from the first end 
cover. Preferably, the valve member is slidably mounted on, and circumscribes, the 

30 slide gaide. la one ssiaogezaeui, tlie central slide guide includes a cylindrical fluid 
flow impervious wall. The slide guide may be oriented such that the first end cover 
flow passageway communicates with a portion of the primary filter construction 
internal volume oriented external of the central slide guide. 
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Preferably, the second end cover includes a central slide guide 
support projection thereon. In one arrangement, the central slide guide is seated 
within a portion of the central slide guide support projection. 

Preferably, the first end cover includes an internal wall projecting 
5 therefrom toward the second end cover. The internal wall is oriented within the 
primary filter construction open internal volume and in position to surround the 
valve member. Preferably, the internal wall has a plurality of first portions and 
second portions. The first portions project a distance equal to the first distance. The 
second portions project a second distance which is greater than the first distance. 

10 Preferably the valve member, when in the third valve position, is 

biased away from the first end cover a distance which is no greater than the second 
distance. This permits fluid flow through the primary filter construction internal 
volume without passage through the secondary filter construction. A mechanical 
stop can be used to control maximum movement of the valve member away from the 

15 first end cover. 

A method for filtering liquid is also provided. The method comprises 
a step of directing a liquid through a first or primary filter element to a filter element 
interior. At least a portion of the liquid is alternatively directed through a second or 
auxiliary filter element and into the primary filter element interior, when a liquid 
20 flow pressure differential across the first element exceeds a first selected amount 
When a resistance to liquid flow through the second filter element exceeds a second 
selected amount, at least a portion of the liquid is selectively directed to flow into the 
primary filter element interior and yet bypass both of the first and second filter 
elements. 

25 Preferably, the step of directing the liquid through a second filter 

element includes biasing a valve member to move no greater than a first distance to 
permit the liquid to flow through the second filter element. 

Preferably, the step of directing at least a portion of the liquid to 

bypass botli of the first and second filter dements includes biasing the valve member 
30 to e»gvc greater th^a the first distance to permit at least a portion of the iictiid to 
bypass both the first and second filter elements. 

It is to be understood that both the foregoing general description and 
the following detailed description are exemplary and explanatory only and are not 
restrictive of the invention, as claimed. 
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The accompanying drawings, which are incorporated in and 
constitute a part of this specification, illustrate one embodiment of the invention and 
together with the description, serve to explain the principles of the invention. 

Brief Description of the Drawing s 

5 FIG. 1 is a flowchart schematically illustrating operation of a fluid 

filter, according to the present invention; 

FIGo 2 is a schematic, side elevational, partial cross-sectional view of 
a filter element housing with a filter element therein; 

FIG. 3 is a cross-sectional, somewhat schematic view of a filter 
10 element, according to the present invention; 

FIG. 4 is a plan view of a second end cover of FIG. 3, and from the 
view 4-4 in Fig. 9, according to the present invention; 

FIG. 5 is a plan view of a first end cover of FIG. 3, and from the view 
5-5 in Fig. 6, according to the present invention; 
1 5 FIG. 6 is a side elevation, partial cross-sectional view of the end 

cover of FIG. 5; 

FIG. 7 is a side elevation, partial cross-sectional view of a secondary 
filter element, according to the present invention; 

FIG. 8 is a side elevation, partial cress-seciienal view cf a centra! 
20 slide guide, according to the present invention; and 

FIG. 9 is a side elevation, partial cross-sectional view of a second 
end cover with a central slide guide support projection, according to the present 
invention. 

Detailed Description 

25 The present invention addresses problems associated with fluid filters 

in certain systems. Fluid filters of the present invention include a multi-way, for 

example a three-way, valve &sd second stage filter internal to a main filter housing. 
Diiring normal operation, fluid h Slfeved through a pdmasy filter clement. If the 
primary filter element becomes clogged, the three-way valve allows fluid to flow 
30 into the primary filter element interior and through a secondary filter element. If the 
bccuuuaiy filter element also becomes clogged, the three-way valve allows the fluid 
to flow into the primary filter element interior and yet bypass both the primary and 
secondary filter elements, and proceed to the downstream components. This 
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inhibits, for example, cavitation in downstream pumps in hydraulic systems. This 
arrangement has advantages. For example, the multi-way valve and second stage 
filter element can be configured internal to the housing assembly. No additional 
components or space is required. Because the bypassing is occurring internal to the 
5 primary filter element, the main seals around the primary filter element are not 
compromised. Also, both filters (primary and secondary) can be easily and 
simultaneously changed. 
I. Principles of Operation 

FIG. 1 is a flow chart schematically illustrating one example of 

1 0 principles of operation of the present invention. 

Fluid, such as hydraulic liquid, enters the arrangement. Typically, 
this is through an inlet in a filter arrangement housing. After entering the 
arrangement, the fluid becomes part of an unfiltered liquid volume 155. From there, 
the liquid may take one or more of up to at least three different flow paths. Which 

1 5 path is taken depends upon liquid flow pressure differentials within the filter 

arrangement. If a liquid flow pressure differential across the first filter element is 
under a selected amount, a state 1 56 of a valve is in a closed orientation. When the 
state 1 56 of the valve is in the closed orientation, the liquid flows through the 
primary filter media 157 and into the primary filter interior 158. From there, the 

20 liquid exits the assembly at 1 59, typicaiiy through an outlet in the housing. 

When a liquid flow pressure differential across the primary filter 
element exceeds a selected amount, the state 156 of the valve will be in an open 
orientation. The open orientation includes a range of positions. Although some 
passage through media 157 may still occur, the open position of the valve permits 

25 the fluid to flow through the valve and into the primary filter interior at 160. 

Depending upon the distance or how great the valve is opened at 161, at least part of 
the fluid may take up to two different flow paths. If the valve is not open greater 
than a first, selected amount, at least part of the fluid flows into a secondary filter 
interior 162. From there, it flows through a secondary filter media, such as a plastic 

30 Eiesh Oi sereea at ! 63 . Tfeo &dd then proceeds to exit at 1 59, typicaiiy through the 
housing outlet. 

If the valve is open greater than the first, selected amount, at least a 
partial amount of the fluid proceeds directly to the exit at 1 59. That is, it does not 
pass through secondary filter media 163. This may occur, for example, when a 
35 resistance to liquid flow through the secondary filter media exceeds a second 



WO 99/37381 PCT/US99/01176 

6 

selected amount For example, if the secondary filter media becomes occluded, at 
least a partial amount of liquid bypasses the secondary filter media, as well as the 
primary filter media. 

It should be noted that the first bypass into the secondary filter media 
5 and the second bypass around both the primary filter media and secondary filter 
media occur within the primary filter interior. As described below, this helps to 
maintain the integrity of the top and bottom seals around the primary filter element 
II. Description of Example Overall Filter Element Assembly 

Turning now to FIG. 2, a filter arrangement is schematically 

10 illustrated generally at 10. Filter arrangement 10 filters fluids including gas or 
liquids, and more particularly, liquids such as hydraulic fluids, oil, or other 
lubricating types of fluids, for example. Filter arrangement 10 includes a housing 12 
having an inlet 14, into which fluid to be filtered enters, and an outlet 16, through 
which filtered fluid passes as it exits housing 12. Filter housing 12 is of a generally 

1 5 thin walled construction, and can be formed of plastic. The plastic housing is 
lightweight and convenient 

In accordance with the invention, the filter arrangement 10 includes a 
construction for removing particles and debris from liquid, particularly suitable for 
cleaning liquid prior to flowing to downstream components. As illustrated in FIG. 2, 

20 one example of such a construction is a filter element assembly, shown generally at 
20. The filter element assembly 20 is mounted within the housing 12. The element 
assembly 20 includes at least a primary filter construction for removing the bulk of 
particles and debris in the liquid to be cleaned. One example of a primary filter 
construction is illustrated generally at 30. In FIG. 3, the primary filter construction 

25 30 defines an open internal volume 24, and includes a first open end 3 1 and an 
opposite second open end 32. 

In accordance with the invention, the filter element assembly includes 
a top, cap, or cover to close the first open end of the filter element construction, and 
is constructed and arranged to pemsit selective passage of fluid into the interior 

30 volume of the primary filter ecsstructicn, without first passing through the media of 
the primary filter element. One example of such a cover is illustrated in FIG. 3 at 35 
positioned in covering relation to the first open end 3 1 of the primary filter 
construction 30. In the particular embodiment shown, the first end cover 35 define* 
a by-pass flow passageway 36 to provide direct fluid flow communication (i.e., flow 
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without passage through filter media 58) with the open internal volume 24 of the 
primary filter construction 30. 

The filter element assembly 20 also includes a opposite cover 
member, end cap, or second end cover 22. Second end cover 22 is positioned in 
5 covering relation to the second open end 32. 

The primary filter construction 30 has an inner liner 55. Preferably, 
the inner liner 55 is constructed of plastic mesh, but can be made of other materials, 
such as metal mesh or a plastic or metal perforation. Filter media 58 surrounds the 
inner liner 55 and also forms an upstream surface 59 of the primary filter 

10 construction 30. Filter media 58 may include any media sufficient to effectively 

filter whatever fluid is in the system. The type of media will depend upon what fluid 
is being filtered, what kind of system the filter is in, and may include other variables. 
In terms of principles of the operation of the valve construction, there is no 
preference for any particular type of filter media. However, in one typical system, 

1 5 filter media 58 can include a fluted or pleated media. Typically, this may include 
paper media or cellulose fiber media, sometimes including at least one side treated 
with polymeric fine fibers or expanded polytetrafluroethylene (PTFE). Other types 
of media may also be used. The media 58 is nested between the inner liner 55 and 
an outer wall 37 of the first end cover 35 and a wall 25 of the second end cover 22. 

20 in accordance with the invention, structure for regulating the flow and 

pathways of fluid through the filter assembly is provided. One type of flow- 
regulating structure in accordance with the invention is a valve construction, 
constructed and arranged to be moveable between multiple positions. Depending 
upon the position the valve construction is in, the fluid can flow through the filter 

25 assembly via different paths. 

One type of valve construction is shown generally at 50. In the 
particular embodiment illustrated in FIG. 3, valve construction 50 includes a three- 
way valve member 51 positioned within the open internal volume 24 of the primary 
filter construction 30. By 6< three-way'\ it is meant that the valve construction allows 

3G Si»d to flow through fee Site? element assembly 20 in throe different principal paths, 
depending upon certain conditions. That is, as shown in FIG. 1, the fluid may flow 
through the primary filter media, through the secondary filter media; (bypassing the 
primary media) or bypass both the primary and secondary fiiter media. 

The valve member 51 includes a gate-member for providing passage 

35 of fluid through the valve. One example of a gate-member is illustrated as a portal 
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member, or first end piece 62 defining a central flow aperture 63. First end piece 62 
regulates the passage of fluid through other, downstream, components of the valve. 
For example, depending upon the pressure differential across the end piece 62, under 
certain conditions, the end piece 62 (and entire valve member 51) will move to 
5 permit flow of liquid through the aperture 63 and, then, either to a secondary filter or 
to an outlet flow path. 

In accordance with the invention, the valve member 51 is constructed 
and arranged to remove debris from fluid. In the particular embodiment illustrated, 
the valve member 51 includes a secondary filter construction 65 having a first end 66 

1 0 and an opposite second end 67. Filter media or screen 70 extends between the first 
and second ends 66, 67. The secondary filter construction 65 defines an open 
internal volume 69 between the first and second ends 66, 67. The secondary filter 
construction 65, when assembled in the system of FIG. 3, operates to remove debris 
and, preferably, larger particles from the liquid being filtered. Generally, the 

1 5 secondary filter construction 65 operates when the primary filter construction 30 
becomes clogged or occluded. 

According to the invention, a track or glide assembly is provided for 
allowing the valve assembly to move among its multiple positions and to alter the 
flow pathways of fluid through the filter assembly. As herein embodied, one 

20 example of a track or giide assembly includes a central slide guide 52. In the 
particular example illustrated, the slide guide 52 includes a cylindrical wall 54 
within the primary filter construction open internal volume 24 and in extension from 
the first end cover 35. The valve member 5 1 is slidably mounted on and 
circumscribes the cylindrical wall 54. A central slide guide support projection 53 

25 extends from the second end cover 22 to seat and support the central slide guide 52. 
A biasing member 56 biases the valve member 5 1 toward the first end cover 35 
under a selected pressure. In the specific example illustrated, the biasing member 56 
includes a coiled spring 57. 

An O-ring 28 is held by the second end cover 22. The O-ring 28 

3G creates aa external radial seal vfiim the filter clement assembly 20 is positioned 

inside of the housing 12 (FIG. 2). An O-ring 124 in the first end cover 35 provides 
a seal between the first end cover 35, the central slide guide 52, and the housing 12 
(FIG- 2) For example, the housing 12 may include an internaiiy downwardly 
projecting wall 1 1 which engages a side of the O-ring 124 to provide a radial seal 

35 between the downwardly projecting wall 1 1 of the housing and the filter element 
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assembly 20. It should be appreciated that the bypass of the primary filter 
construction 30 and of both the primary filter construction 30 and the secondary 
filter construction 65 occurs within the open internal volume 24 of the primary filter 
construction 30. Thus, the bypass operations occur between the radial seals formed 
5 by O-ring 28 and O-ring 124. The integrity of these radial seals with respect to the 
housing is not compromised. 

Before discussing in more detail the components of the preferred 
embodiment depicted, the general principles of operation are described. Referring to 
FIGS. 1 and 2, during normal operation, that is during operation the pressure 

1 0 differential across the primary element is no greater than a selected amount, typically 
no greater than about 0.3 bar, and preferably, no greater than about 0.25 bar, fluid is 
directed through the inlet 14, into a channel 1 5 between a housing wall 1 3 and the 
exterior surface 59 of the primary filter construction 30. The fluid passes through 
the media 58 and into the internal volume 24. It then passes through the second 

1 5 open end 32 and through the outlet 1 6. During normal operation, the valve member 
51 is in its "first position," and blocks fluid flow through the bypass flow 
passageway 36. 

If the media 58 of the primary filter element 30 becomes occluded, 
that is, when a liquid flow pressure differential across the primary filter construction 

20 30 exceeds a selected amount, the vaive member 5 1 moves to a "second position" 
which is biased away from the first end cover by a certain distance. For the 
embodiments shown, the second position is actually a range of positions, described 
more below. The second valve position permits the fluid flow to be directed into the 
secondary filter construction internal volume 69 and then through the secondary 

25 filter construction 65 into the open internal volume 24 of the primary filter 
construction 30. From there it passes through the second open end 32 and out 
through the outlet 16. Typically, the valve member 51 will be configured (and the 
spring 57 will be sized) to operate in the second position when a liquid flow pressure 
differential across the primal y filter construction 30 exceeds about 0.3 bar, and more 

30 typically, exceeds about 0.25 bar. 

When a liquid flow pressure differential across the secondary filter 
construction 65 exceeds a selected amount the valve member 5 1 moves to a 'third 
valve position", biased away from the first end cover 35 by a distance greate* than 
the first distance. In the preferred embodiments shown, the third valve position 

35 actually is a range of positions, described in more detail below. The third valve 
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position permits fluid to flow through the bypass flow passageway 36 in the first end 
cover 35 and into the open internal volume 24 of the primary filter construction 30 
without passage through the primary filter construction 30 or the secondary filter 
construction 65. 
5 III. Description of Example Sub-A?$gmt>Hg? 
A. First End Cover 

In reference to FIG. 5, the first end cover 35 is shown in top plan 
view. First end cover 35, i.e. the top or end cap functions to cover to close the first 
open end of the filter element construction, while also being constructed and 

10 arranged to permit selective passage of fluid into the interior volume of the primary 
filter construction, without first passing through the media of the primary filter 
element. While a variety of working embodiments are possible, in the particular 
embodiment illustrated, first end cover 35 is generally circular in shape (when 
viewed in top plan, FIG. 5) with an outer rim 33 and an inner rim 34 (FIG. 6). In 

15 FIG. 5, the bypass flow passageway 36 includes generally four apertures 71 spaced 
about a central cylindrical wall 48. Between each of the apertures 71 is a vane 
member 39 projecting from an outer periphery 41 to the cylindrical wall 48. The 
vanes are for adding strength to the end cap. 

FIG. 6 is a side elevation, partial cross-sectional view of the first end 

20 cover 35. The first end cover 35 includes the outer wall 37 circumscribing the 

primary filter construction 30. Generally parallel to the outer wall 37 is an internal 
wall 38, which is generally circumscribed by the outer wall 37. The internal wall 38 
projects from the end cover portion 40 which joins and is generally normal to the 
outer wall 37 and internal wall 38 toward the second open end 32. The internal wall 

25 38 is oriented within the primary filter construction open internal volume 24 and 
surrounds the valve member 50. 

The end cover 35 is constructed and arranged to regulate fluid flow 
paths through the assembly 20. In particular, the end cover 35 includes access 
structure, i.e., a gate, or door, or access port, which permits selective passage of fluid 

30 to fee Interior volur&s of either the primary cr secondary filter element. In the 

specific example illustrated, the internal wall 38 defines a plurality of flow ports 44 
for permitting the passage of fluid therethough, when the valve member 5 1 is in its 
third position. More particularly, aiong the inner rim 34 of iiie end cover 35 is a 
plurality of alternating first portions 42 and second portions 43, The alternating first 

35 and second portions 42, 43 include a series or plurality of rectangular structures 
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alternated with a series or plurality of rectangular recesses, (in this example, flow 
ports 44) resembling a rectangular wave. When assembled in the system of FIG. 3, 
the alternating rectangular structures and recesses function to regulate the flow path 
of fluid through the filter. When the force created by a fluid pressure differential 
5 reaches or exceeds a predetermined amount, the alternating first and second portions 
allow passage of liquid into, first, the interior volume of the secondary filter element 
(thereby permitting the fluid to bypass the primary filter element), and second, into 
the interior volume of the primary filter element(thereby permitting the fluid to 
bypass both of the primary and secondary filter elements). 

1 0 When assembled as illustrated in FIG. 3, the internal wall 38 

functions as a track, or slide, or guide, with respect to the valve construction 50. 
That is, the internal wall 38 provides a sliding surface for a portion of the valve 
construction 50 to move relative to. Due to the relative length of the rectangular 
structures, as compared to the distance which the valve construction is allowed to 

1 5 move, the end cover 35, and in particular, the internal wall 38 keeps the valve 

construction 50 constrained to move within a predetermined path, preferably a linear 
path, and prevents the valve construction 50 from becoming disengaged from its 
position within the assembly 20. 

The first portions 42 project a distance away from the end cover 

20 portion 40 by a first distance 45, corresponding to the length of the first portions 42. . 
The second portions 43 project a second distance 46 away from the end cover 
portion 40, which is greater than the first distance 45. This second distance 46 
corresponds to a length of the second portions 43. As is explained below, the first 
distance 45 of the first portions 42 cooperate with the valve member 5 1 to determine 

25 whether the valve member 5 1 is in its second or third position. 

The first end cover 35 also includes an exterior surface 47 and the 
cylindrical wall 48 projecting from the exterior surface 47. The cylindrical wall 48 
forms an internal cylindrical bore 75 for receiving the central slide guide 52 (FIG. 3). 
The cylindrical wall 48 defines an inwardly projecting recess 49 for receiving a 

30 projectioa m a wall of fee eestrai slide guide 52, to be described in mere detail 
below. 

A projection 73 extends from the internal wall 38. The projection 73 
is tor creating interference between the potting material and the waii 38 of the end 
cover 35. 
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The design of end cover 35 lends itself to convenient manufacturing 
techniques. For example, the end cover 35 may be made through molding, 
particularly injection molding. The alternating rectangular structures and recesses is 
convenient to easily remove from a mold. 
5 An alternative design for end cover 35 includes replacing the plurality 

of alternating first portions 42 and second portions 43 along the rim 34 with a 
straight rim. The fluid flow could be regulated, instead, with holes or apertures 
through the internal wall 38. However, the alternating first and second portions 42, 
43 is convenient and preferred. 
10 B. Valve Construction 

Turning now to FIG. 7, a side elevational, partial cross-sectional 
view of the valve construction 50 is illustrated. The valve construction 50 includes 
the first end piece 62, or gate-member, or portal, covering the first end 66 of the 
secondary filter construction 65 and for providing passage of fluid through the valve. 
1 5 First end piece 62 regulates the passage of fluid through other, downstream, 
components of the valve. For example, when the force created by the pressure 
differential across the primary filter construction 30 (FIG. 3) exceeds the force of the 
biasing member, the end piece will move to permit flow of liquid through the 
aperture 63 and then, to the internal volume of either the secondary filter or primary 
20 filter. The interna! vchme cf the seconds^ filter is within the internal volume cf 
the primary filter. 

In this particular embodiment, the first end piece 62 includes an outer 
wall portion 79 which is in slidable engagement with the first end cover internal wall 
38. The outer wall portion 79 defines a pair of outwardly projecting ribs 80 for 
25 creating a liquid seal between the valve construction 50 (FIG. 3) and first end cover 
internal wall 38 (FIG. 3). 

On an opposite side of outer wall portion 79 is an internal wall 
surface 82 having a recess for receiving member 84. 

Extending generally normal to outer wait portion 79 is a wall section 
30 86. Wall section 86 includes a first section §7 m& a pressure receiving surface 88. 
The first section 87 and pressure receiving surface 88 are divided by an upstanding 
partition 90, which extends generally normal to the wall section 86. Opposite from 

♦V^ ~*~*u:~~ pr\ ;. — ~. — „ a „.„*~ s: — - — it no *n ~~ , — -e_ _ no 

w*v jsuiuuvui >vr lis a dwvonu upaicuiuiitg waii xaav pi^aauiw &wt/wiviiig diuiatc OO, 

bordered by the partition 90 and upstanding wall 92 is oriented to be in 
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communication with the bypass flow passageway 36 of the first end cover 35 (FIG. 
3). The first end piece also defines a central flow aperture 68. 

The design of the first end piece 62 lends itself to convenient 
manufacturing techniques. For example, all of the parts are designed to be easily 
5 molded, particularly injection molding. 

Attached to the first end piece 62 is the secondary filter construction 
65. The secondary filter construction 65 includes an upstream surface 94 and a 
downstream flow surface 95. In the particular embodiment illustrated, filter media 
70 is preferably a screen to remove large debris from the fluid. As used herein, the 
1 0 term "screen" includes a member which prevents selective passage of particles 

greater than a certain size therethrough. Therefore, a screen, in this context, acts as a 
filter member. One preferred screen includes a plastic mesh of 200 micron mesh. 
Secondary filter construction 65 forms a generally frusto-conical section. 

Also shown is a molded framework at 96, 97, 98. Molded framework 
1 5 96, 97, 98 supports the filter media 70. 

The valve construction 50 includes a stop member constructed and 
arranged for providing a stop, or limiting movement of the valve relative to the first 
end cover 35 (FIG. 3). The stop member may also provide a containment structure 
for holding and containing a biasing mechanism. In the example illustrated, a stop 
20 member is shown at 61 . in this particular example, the stop member 61 comprises a 
basket 100 at the second end 67. The basket 100 includes a first wall portion 101 in 
slidable communication with the central slide guide 52 (FIG. 3). When assembled in 
the arrangement shown in FIGS. 2 and 3, the basket 100 cooperates with the slide 
guide 52 to limit the sliding movement of the valve construction 50 within the 
25 assembly 20. This helps to prevent the valve construction 50 from becoming 
disassembled or out of alignment with the first end cover 35. 

The basket 100 also includes a second wall portion 102. Second wall 
portion 102 is joined to the first wall portion 101 at a bight section 103 and extends 
slightly angled from the bight section 103. The second wail portion is longer than 
30 fee first wall portion sud c^da at a projecting foot 104. The basket 100 constrains 
the coiled spring 57 and prevents the spring 57 from becoming disengaged and 
falling out of its correct position within the assembly. 

The design of the basket iOO lends itself to convenient mamifa&iuiug 
techniques. For example, the basket 100 can be easily molded, such as injection 
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molding. Further, the first end piece 62, framework 96, 97, 98, and basket 100 may 
be molded as a single piece. 

C. Slide Guide 

In reference now to FIG. 8, the central slide guide 52, or glide 
5 element, is illustrated in side elevation, partial cross-sectional view. The central 
slide guide 52 is constructed and arranged to permit the valve assembly to move 
between its multiple positions and to alter the flow pathways of fluid through the 
filter assembly. In the specific example illustrated in FIG. 8, this particular slide 
guide 52 includes an elongated column 106 tapering from a first portion 108 of 
1 0 greatest diameter at one end down to a second portion 109 of narrowest diameter at 
an opposite end thereof. A middle portion 1 1 1 extends between the first portion 1 08 
and second portion 109. 

Second portion 109 is generally cylindrical in shape and is for seating 
within cylindrical bore 75 (FIG. 6) in the first end cover 35. Second portion 109 
1 5 includes an outwardly extending projection 1 12 for snap-fitting within the inwardly 
projecting recess 49 (FIG. 6) within the cylindrical wall 48 (FIG. 6) of the first end 
cover 35 (FIG. 6). 

In FIG. 8, the middle portion 1 1 1 of the column 106 extends between 
the first portion 108 and the second portion 109. A shoulder 1 12 joins the middle 
20 portion il i to the second portion 109. Middle portion 1 1 1 is cylindrical in shape 
with a generally flat, straight wall 1 13, for providing a slide surface for the valve 
member 51. 

First portion 108 includes a first wall section 1 16 which is continuous 
with wall 1 13, a second wall section 1 17 which is generally normal to first wall 

25 section 1 16, and a upstanding flange section 1 1 8. Upstanding flange section 1 1 8 is 
generally parallel to the first wall section 1 16, and terminates at a tip 1 19. First wall 
section 116 and flange section 1 1 8 are spaced apart and oppose one another to define 
a space 120. Together, flange section 1 1 8 and first and second wall sections 1 16, 
1 17 define a seat 122 for the coil spring 57 (FIG. 3). 

30 T&2Q tip 1 i 9 of flange section 1 1 8 cooperates with the basket \ 00 

(FIG. 7) to form part of a stop assembly. When assembled in the arrangement shown 
in FIGS. 2 and 3, the tip 1 19 engages and abuts bight section 103 of basket 100 to 
limit the sliding movement of the vaive construction 50 within the assembly 20. 
This helps to prevent the valve construction 50 from becoming disassembled or out 

35 of alignment with the first end cover 35 . 



WO 99/37381 PCT/US99/01 176 

15 

Referring now to FIG. 2, installed in the filter element assembly 20, 
the slide guide 52 is mounted within bore 75 (FIG. 6) of the first end cover 35. The 
O-ring 124 seals the slide construction 52 within the bore 75 (FIG. 6). The O-ring 
124 also, when assembled in the housing 12, forms a radial seal with a wall of the 
5 housing. The valve construction 50 is mounted around and circumscribes the slide 
construction 52. The biasing member 56, in the example illustrated a coiled spring 
57, is seated within seat 122 and is positioned in extension (or compression) 
between second wall section 1 17 (FIG. 8) and bight section 103 (FIG. 8). In 
response to fluid pressure on the pressure receiving surface 88, the valve member 51 

10 slides relative to the central slide guide 52. That is, first wall portion 101 (FIG. 7) 
slides against wall 1 13 (FIG. 8), and outer wall portion 79 (FIG. 7) slides relative to 
internal wall 38 (FIG. 3). 

Central slide guide 52 includes a wall constructed of a material which 
is generally impervious to fluid flow therethrough. This material may include, for 

15 example, plastic. 

The design of slide guide 52 lends itself to convenient manufacturing 
techniques. For example, the slide guide may be conveniently molded, particularly, 
injection molded. 

D. Second End Cover 

20 In reference to FIG. 9, the second end cover 22 is illustrated in side 

elevational, partial cross-sectional view. Second end cover 22 includes an inner 
wall 23 defining a circular opening into the interior 24 of the filter element 
assembly. Second end cover 22 also includes an outer wall 25 with first and second 
rims 26, 27 projecting therefrom. Seated between first and second rims 26, 27 is the 

25 O-ring 28 (FIG. 3). O-ring 28 provides a radial seal between the filter element 
assembly 20 and the housing 12. 

The second end cover 22 includes a member for supporting the 
central slide guide, and holding the slide guide and valve construction in their 
respective places within the assembly. As herein embodied, one particular 

30 arrangement for supporting the central slide guide is shown generally at 60. 

In this particular example, in FIG. 9, the support arrangement 60 
includes a central slide guide support projection 53 extending from an end 136 of the 
second end cover 22 to an opposite closed end 138 within the open internal volume 
24 (FIG. 3) of the primary filter construction 30. In the specific embodiment 

35 illustrated, the central slide guide support projection 53 includes a cylindrical 
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member 140 having a fluid flow impervious wall 14L The cylindrical member 140 
includes a region of a first diameter 142, and a region of a second, smaller diameter 
143. The region of the second diameter 143 is also cylindrical, and is joined to the 
first region by an intermittent shoulder 145. Shoulder 145 provides an engagement 
5 surface for abutting the second wall section 1 1 7 (FIG. 8) of the central slide guide 52 
(FIG. 8). 

The second end cover 22 also includes an outer periphery 148, and a 
plurality (four) of vanes 150 extending from a region spaced from outer periphery 
148 up to the end surface 136. The vanes 150 help provide strength to the second 
10 end cover 22. 

Installed in the assembly 20 (FIG. 3), the second end cover 22 is fitted 
in covering relation to the second open end 32. The central support projection 53 is 
positioned within the open internal volume 24 so that the shoulder 145 (FIG. 9) 
engages and abuts the second wall section 1 17 (FIG. 8) in the central slide guide 52. 

15 In this way, the projection 53 supports and holds the central slide guide 52. 

FIG. 4 shows an end view of the second end cover 22, from the 
direction of 4-4 (FIG. 9). 

The second end cover 22 and slide guide support projection 53 are 
conveniently manufactured in, for example, injection molding processes. 

20 IV. Example Operation 

In operation, liquid to be filtered is directed through the inlet 14 and 
through the channel 15. During normal operation, that is, during operation when the 
force created by the fluid pressure differential across the primary filter 30 is less than 
the force exerted by the biasing member 56, the valve member 5 1 is in its first 

25 position. The first position includes the position which permits the liquid to flow 
through the media 58 of the primary filter construction 30 and into the internal 
volume 24, and blocks fluid flow through the bypass flow aperture 36. Fluid then 
flows through the second open end 32 and through the outlet 1 6. In the first position, 
the valve member 51 generally does net eilcw fluid flow through the second filter 

30 construction 65. Also, in the first position, the valve member 51 dtms not allow 
fluid to flow directly to the internal volume 24, without first passing through the 
primary filter media 58. While a variety of working structures are contemplated, in 
the particular embodiment iiiuscrated, when the first ead piece 62 is engaging and in 
contact with the first end cover 35, the valve member 5 1 is in the first position. 
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As the pressure differential across the primary element begins to 
build, for example, if the media 58 occludes, the force on the pressure receiving 
surface 88 of the first end piece 62 increases. When the force on the pressure- 
receiving surface 88 becomes greater than the force of the spring 57, (typically, at 
5 about 03 bar) the valve member 5 1 slides relative to the central slide member 52 
and toward the second end cover 22 and into and through the ranges corresponding 
to the second position. While the valve is in the second position, at least a portion of 
the fluid is allowed to pass through fluid flow passageway 36 and into the internal 
volume 69 of the secondary filter construction 65. Fluid is also still allowed to flow 

1 0 through the media of the primary element. While in the second position, the fluid 
flows from the open internal volume 69 of the secondary filter construction 65, 
through the secondary filter media 70, and into the open internal volume 24 of the 
primary filter construction 30. From there, the fluid flows through the second open 
end 32 and through the outlet 16. 

15 In the second position, the valve member 51 does not allow fluid to 

flow directly to the internal volume 24, without first passing through the secondary 
filter media 70. Again, while a variety of working arrangements are contemplated, 
in the particular embodiment illustrated, the second position includes a range of 
distances which the valve member 5 1 moves through. This range of distances, in the 

20 illustrated embodiment, is as follows: At a first extreme, the distance is when the 
end piece 62 and the first end cover 35 initially separate from touching engagement 
and permit fluid to flow into the open internal volume 69 of the second filter 
construction 65. At an opposite extreme, the distance is no greater than the first 
distance 45 (FIG. 5). That is, to be in the second position, the valve member 51 

25 typically cannot move a distance farther than the length of the first portions 42 of the 
first end cover 35. 

If resistance to liquid flow through the secondary filter construction 
65 exceeds a certain amount, a force on the pressure receiving surface 88 on the first 
end piece 62 increases. When the force exceeds an amount to compress the spring 

30 57 overs greater, tns vaive member 5 i moves ftosa its second position to its third 
position. In the third position, an open fluid communication is created between the 
flow passageway 36 md the oner* internal volume 24 of the primary filter 
construction 30. Therefore, when the valve member 51 is in the third position, a 
portion of the fluid is allowed to flow through the flow passageway 36 and directly 

35 into the internal volume 24 of the primary filter construction 30, completely 



r 
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bypassing both the primary media 58 and the secondary media 70. From there, it 
passes through the second open end 32 and through the outlet 16. While in the third 
position, fluid is still permitted to flow through the primary filter element 30. 

The third position includes a range of distances which the valve 
5 member 5 1 moves through. While a variety of working structures are contemplated, 
in this particular embodiment, this range of distances is as follows: At a first 
extreme, the third position includes a distance just greater than the first distance 45 
(FIG. 6), i.e., the length of the first portions 42. At an opposite extreme, the third 
position includes a distance no greater than the second distance 46 (FIG. 6), i.e., the 

10 length of the second portions 43. Specifically, the maximum distance which the 
valve member 5 1 may move is the distance between tip 1 5 1 of flange section 1 1 8 
and surface 152 of the bight section 103 of the basket 100. At that point, the tip 151 
will abut the surface 152, and the valve member 51 will not be permitted to slide any 
further toward the second end cover 22. The length of the second portions 43 of the 

1 5 internal wall 3 8 is greater than the distance between tip 1 5 1 and surface 1 52. This 
prevents the valve member 5 1 from being able to slide out of engagement within the 
internal wall 38. When the valve member 51 is in the third position, the first end 
piece 62 is slid along internal wall 38 down past the first portions 42. This permits 
fluid to flow in a path directly to the internal volume 24, skipping or bypassing both 

20 of the primary media 58 and the secondary media 70. 

Thus, the design of the present invention not only takes into 
consideration the possible occlusion of the primary filter, but also the secondary 
filter, by providing the bypass of both the primary and secondary filters. This 
ensures the protection and safety of downstream equipment, by preventing cavitation 

25 and ensuring fluid is allowed to pass through the assembly and get to the 
downstream equipment. 
V. A Specific Preferred Embodiment 

It will be understood that a wide variety of specific configurations 
and applications are feasible, using techniques described herein. In this section, a 

30 psr&e^s? fa^r.d fistsr srrasgsment with bypass will be described. 

The arrangement described would be particularly configured for use 
in a system with the following characteristics* maximum fluid flow rate of about 
1 15 l/min.; typical pressure drop of about 0 014 bar at 1 1 5 )/min. and 40 CST; 
typical operating temperature range of about -20°C to + 108°C; valve member 51 set 
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to move from closed orientation to open orientation at about 0.2-0.3 bar, typically 
about 0.25 bar. 

The element 20 has a length of about 270 mm. 
The first end cover 35 has an outer diameter of about 98 mm. The 
5 first portions have a length of about 8 mm. The second portions have a length of 
about 22 mm. The second portions have a width of about 1 7 mm. 

The second end cover 22 has an outer diameter of about 106 mm, and 
an inner diameter of about 67 mm. Region 143 has an outer diameter of about 14 
mm, and region 142 has an outer diameter of about 25 mm. The length of wall 141 
10 is about 89 mm. 

The valve construction 50 has a length of about 143 mm. The 
diameter at end 62 is about 61 mm. The diameter at end 104 is about 48 mm. 

The basket 100 has a length of first section 101 of about 10 mm. The 
first section 101 has an inner diameter of about 21 mm. The second section 102 has 
15 a length of about 29 mm, and an inner diameter of about 38 mm. 

The slide guide 52 has a wall 1 1 3 of a length of about 1 74 mm. The 
wall 118 has a length of about 26 mm. The first portion 1 08 has an outer diameter 
of about 35 mm. The second portion 109 has an outer diameter of about 14 mm. 

The above specification, examples, and data provide a complete 
20 description of the manufacture and use of the invention. Many embodiments of the 
invention can be made without departing from the spirit and scope of the invention. 
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1 . A filter element comprising: 

(a) a primary filter construction defining an open internal volume, said 
primary filter construction having a first open end; 

(b) a first end cover positioned in covering relation to said primary filter 
construction first open end; said first end cover including a bypass 
flow passageway therethrough in fluid flow communication with said 
primary filter construction open internal volume; 

(c) a valve construction positioned within said primary filter construction 
open internal volume including a valve member moveable between 
first, second and third valve positions; 

(i) said valve member including a first end piece with a central 
flow aperture and a secondary filter construction having first 
and second ends and defining an open internal volume; 

(ii) said valve member, when in said first valve position, being 
oriented to block fluid flow through said first end cover 
bypass flow passageway and into said primary filter internal 
volume, by having said valve member first end piece oriented 
in covering relation to said first end cover bypass Sew 
passageway; 

(iii) said valve member, when in said second valve position, being 
biased away from said first end cover a distance no greater 
than a first distance; said valve construction being constructed 
and arranged such that when said valve member is in said 
second valve position, fluid flow through said first end cover 
bypass flow passageway is directed: (A) into said secondary 
filter construction open internal volume; and then (B) through 
said secondary filter construction and into a remainder of said 
primary filter open intend volume; 

(iv) said valve member, when in said third valve position, being 
biased away from said first end cover a distance greater than 
said first distance; said valve cottauueiion being constructed 
and arranged such that when said valve member is in said 
third valve position fluid can flow through said first end cover 
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bypass flow passageway and through said primary filter 
construction open internal volume without necessary passage 
through said secondary filter construction; and 
(d) a central slide guide mounted within said primary filter construction 
open internal volume; 

(i) said valve member being slidably mounted on said slide 
guide. 

2. A filter element according to claim 1 wherein: 

(a) said central slide guide is mounted in extension from said first end 
cover and includes a cylindrical, fluid flow impervious, wall; 
(i) said slide guide being oriented such that said first end cover 
flow passageway communicates with a portion of said primary 
filter construction internal volume oriented externally of said 
central slide guide. 

3. A filter element according to any one of claims 1 and 2 further including: 
(a) a second end cover mounted in covering relation to a second open 

end of said primary filter construction; said second end cover 
including a flow passageway therethrough in fluid flow 
communication with said primary filter construction open internal 
volume. 

4. A filter element according to claim 3 wherein: 

(a) said second end cover includes a central slide guide support 
projection thereon. 

5. A filter element according to claim 2 wherein: 

(a) said valve construction includes a biasing member constructed and 
arranged to bias said valve member toward said first end cover under 

& selected pressure. 

6. A filter element according to claim 5 wherein: 

(a) said biasing member comprises a coiled spring. 



7. A filter element according to any one of claims 5 and 6 wherein: 
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(a) said central slide guide includes a seat supporting said biasing 
member. 



8. A filter element according to claim 7 wherein: 

(a) said valve member includes a basket having first and second wall 
portions; 

(i) said first wall portion being in slidable engagement with said 
central slide guide cylindrical, fluid flow impervious wall; and 

(ii) said second wall portion circumscribing said central slide 
guide seat. 

9. A filter element according to claim 8 wherein: 

(a) said biasing member is trapped between said central slide guide seat 
and said valve member basket. 

10. A filter element according to any one of claims 3 and 4 wherein: 

(a) said first end cover includes an internal wall projecting therefrom 
toward said second end cover; 

(i) said internal wall being oriented: within said primary filter 
construction open internal volume; and in position to surround 
said valve member; and 

(ii) said internal wall defining a plurality of flow ports located at 
least a distance greater than said first distance from said first 
end cover. 

11. A filter element according to claim 1 0 wherein: 

(a) said internal wall includes a plurality of first portions and second 
portions; said first portions projecting a distance equal to said first 
distance; said second portions each projecting at least a second 

distance that is greater than said first distance; 
(i) *i respective one of each of said flow «**™^« i-sp^r /:kmcw2 
between respective adjacent ones of said second portions. 

* o a ^i. , A s: A _ • co i 
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(a) said valve member, when in said third valve position, is biased away 
from said first end cover a distance no greater than said second 
distance. 

A filter element according to any one of claims 10-12 wherein: 
(a) said first end cover includes an exterior surface and a cylindrical wall 
projecting from said exterior surface; 

(i) said cylindrical wail being circumscribed by said first end 
cover internal wall. 

A filter element according to claim 13 wherein: 
(a) said first end cover includes an outer periphery and a plurality of 
vanes projecting from said exterior surface; 

(i) each of said vanes extending from said outer periphery to said 
first end cover cylindrical wall. 

A filter element according to any one of claims 10-14 wherein: 

(a) said first end piece of said valve member including an outer wall 

portion in slidable engagement with said first end cover internal wall. 

A filter element according to claim 15 wherein: 

(a) said first end piece of said valve member includes a pressure- 
receiving surface; said pressure receiving surface being in 
communication with said bypass flow passageway; 
(i) said pressure-receiving surface being circumscribed by said 
first end piece outer wall portion. 

A filter element according to any one of claims 1-16 wherein: 

(a) said valve member circumscribes said slide guide. 

A filter element according to any one of claims I-i7 wherein: 

(a) said secondary filter construction comprises a plastic strainer. 

A Slier clement according to any one of claims 1-1 8 wherein: 
(a) said primary filter construction comprises a cylindrical, pleated, filter 
media construction. 
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20. A fluid cleaner having a filter element according to any one of claims 1-19; 
the fluid cleaner comprising: 

(a) a housing having an inlet, an outlet, and an interior; 

(i) said filter element being oriented within said housing interior. 



21 . A fluid cleaner according to claim 20 further including: 

(a) a seal member; said seal member forming a radial seal between said 
housing and said element. 



22. A method of cleaning fluid comprising: 

(a) directing a liquid through a primary filter element into an open filter 
interior; 

(b) biasing a valve member along a slide guide in the open filter interior 
to move the valve member along the slide guide no greater than a first 
distance to permit at least a portion of the liquid to flow through a 
secondary filter element, when a pressure differential across the 
primary filter element exceeds a first selected amount; and 

(c) biasing the valve member along the slide guide to move the valve 
member along the slide guide greater thas the first distance to pennit 
at least a portion of the liquid to bypass both of the primary and 
secondary filter elements, when a pressure differential across the 
secondary filter element exceeds a second selected amount 
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